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ABSTRACT

Results obtained from participation In previous atomic tests
proved conclusively that nuclear detonations of 3 IT and higher could
be detected and displayed on the indicators of standard X-band radar
bombing systems and Ku-band radar systems. Participation in Operation
UPSHOT-KNOTHOL3 provided an opportunity to test new techniques believed
applicable to an Indirect Bomb Damage Assessment (IBDA) system as well
as to investigate certain phenomena associated with a nuclear deton-
ation which might affect the interpretation of the radar display.

Three B-29 type aircraft participated in Project 6.2 and wer4 in-
strumented as follows, 1) Fast scan Ku-band radar set AN/APS-48(XA)
and instrumentation to investigate the electromagnetic wave emanatihg
from a nuclear detonation, as applied to the determination of heightA
of-burst- 2) Standard scan Ku-band radar set AN/APS-3 (XA-1) and
Airborne Moving TArget Indicator (ANTI) equipment, radar set AN/APS-27
(XA-5); 3) radar set AN/APS-23 modified in accordance with High
Information Content Study (HICS) procedures, which results in radar
pictures containing more detailed information than can normally be

obtained from unmodified radar sets.
Tour Mark III Bhangmeters were tested during the operation. Two

Phangmetere were installed in two of the B-29 aircraft for all shots
except Shot 9 when one was installed in each of two B-29's and two were
installed in the drop aircraft, B-50 #7169. The yield measuring
portion of the instruments gave results which appear to be withi the
measurement accuracy for Bhangmeters. The time-of-fall mechanism did
not perform satisfactorily due to mechanical malfunctioning of the
clock mechanism.

The Nevada Proving Ground portion of this project Investigated
the refraction of a radar beam passing near a fireball, endeavored to
obtain fundamental data concerning various phenomena associated with
a nuclear detonation by observing the direct radar returns, and
ascertained if a correlation exists between any of the various charac-
teristics of the returns and the yield of the detonations. Details
of this part of Project 6.2 may be found in Appendix A of this report.
The refraction of the radar beam was too small to be resolved. hadar
reflection from the fireball was not observed. However, on all ex-
pertments large fluctuations of radar signal amplitude were present,
which is interpreted as being due to interference effects betwom
signals that had traveled different paths.
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It is concluded that to obtnin IBDA parameters, a fast scan type

radar set ti desirable but not necessary: that the ANTI equipment
tested Is too susceptible to interference to be considered usable in

an IBDA system; that some of the HICS proceduros and modifications are

desirable for inclusion in an IBDA system but none are considered
necessary to obtain the IBDA parameters: that it is not practical to
use the electromagnetic wave emanating from a nuclear detonation to
determine its height-of-burst above ground.
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FOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Iffects Tests Program of
Operation UPSHOT-KNOTHOLE, which included 11 test detonations. For
readers interested in other pertinent test information, reference is
made to W-782, Summary Reort of the Technical Director, Military
Iffects Program. This sumnmary report includes the following infor-
mation of possible general interest.

a. An over-all description of each detonation, including yield,
height of burst, ground zero location, time of detonation, ambient
atmospheric conditions at detonation, etc., for the 11 shots.

b. Compilation and correlation of all project results on the
basic measurements of blast and shock, thermal radietion, and nuclear
radiption.

C. Compilation and correlation of the various project results
on weapons effects.

d. A summary of each project, including objectives and results.
e. A complete listing of all reports ooverirg the Military

Iffeets Tests Program.

5
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PREFACE

The purpose of this report is to present the r milts of tests of
techniques believed applicable to Indirect P'mb Damage Assessment
systems and also report the results of investiatione of certain
phenomena associated with a nuclear detonation which might affect the
interpretation of the radar display.

The writer wishes to acknowledge the cooperption and assistance
afforded Project 6.2 by the program director and his staff. This
assistance was especiall:' appreciated by project personnel stationed
at the Nevada Proving Ground who found themselves fmced with numerous
end unexpected difficulties which were overcome through the assistance
of the program director. The writer also wishes to acknowledge the
assistance and work performed by all personnel directly associated
with Project 6.2 and the assistance rendered by; Air Force Special
Weapons Center, and particularly the 4925th Test Group (Atomic);
Sandia Corporation's movie and still film processing laboratories;
Radar personnel from Air Force Armament Center: and the SAC aircraft

crew from Barkedale Air Force Base.
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CHAPTZR 1

ODJECTI VI

1.1 GMRAL

Since participation in Operation BUSTZR-JANGLZ, new techniques
had been developed which were believed applicable to an Indirect Bomb
Damage Assessment (IBDA) system. Operation UPSHOT-KNOTHOLI provided
an opportunity to test these techniques and determine if they were of
sufficient importaiceto include in a proposed IBDA systemspmoeting
the requirements of Ifeadquarters, USA7.

As a result of previous tests and the proposed use of the
observed radar returns, questions were raised regarding the refraction
of a radar beam when in close proximity to a fireball and if the
obcerved radar roturn could be correlated with the yield of the nuclear
detonations. These two points were investigated by installation! at
the Nevad Proving Ground (NPG).

1.1.1 Radar Set AN/APS-48(XA-1)

This radar sot operaptes in the Ku-band and has a "looking"
rate of 8.6 "I.vvku" yfr a *UUULA ab 4iVUu~frfz%-i Lu n sauI,bluo raaaT i-Ate
of 1.4 "looks" per second. It was believed that the increased number
of frames containing the radar return would insure usable IBDA data.

1.1.2 Radqr Set AN/APS-27(U-5)

This radar set is an Airborne Moving Target Indicator (AMTI)
and consists of radar set AN/APS-23 and additional modifying boxes.
Since the radar roturns from a nuclear detonation are associated with
the advancing shock front, at its point of intersection with the
ground, it was thought that an AMTI system might present the returns
more clearly than a standard radar set. If two indicators were
attached to the system, one to present the AMTI returns and another
to present regular radar returns, an overlay or combination of the
resulting pictures might provide more accurate measurements of the
IBDA paramoters.

15
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1.1.3 high Inform.tion Content Study Systorw (HICS)

This system utilizes radar set AN/APS-23 modified and operated
in accordance with the procedures resulting from the HICS study. The
radar picture resulting from these procedures was to have more
detailed information than i normally obtained from standard radar
sets opereted in the usual manner, and would therefore provide more
accurate measurements of the IBDA parameters.

1.1.4 Zlectromaxnetic Wave Exoertment

During the course of an IBDA study contract, the contractor,
Vitro Corporation of America, proposed that the height-of-burst of a
nuclear detonetion might be determined by utilizing the electromagnetic
wave which emanates from a nuclear detonation. This could be
accomplished in an aircraft by measuring the time difference between
the receipt of the direct wave and the wave reflected from the ground.
Information regarding the characteristics of the electromagnetic
wave as received on the ground is available from several sources.
however, the characteristics of the electromagnetic wave as received
in an aircraft had never been determined. The instrumentation
employed was to provide the desired information.

1.1.5 Mark III Bhanameters

These Bhangmeters consisted of a yield measuring device,
based on the light-time curve, and a clock mechanism to record
time-of-fall, which can be converted to the height-of-barst of a
weapon dropped from an aircraft.

1.1.6 Nevada Provinx Ground Izueriments

These are covered in detail in Appendix A of this report.

16
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CHAPTIR 2

BACKGROUND AND THMORT

2.1 BACKGROUND

Headquarters USA7 has placed upon Headquarters Air Research and
Development Commnd a requirement to develop an all-weather IBDA
system. By the use of this systo&i i.t wilA ou .s ?",0 .c .... e th.
effect of nuclear weap.ons upon enemy installations. The IBDA
parameters which are collected by the strike aircraft or accompanying
aircraft will be used to determine the amount of damage inflicted upon
the target by relating the value of these parameters to overpressure
or by other suitable procedures. This correlation is not a part of the
activity of the agency developing the system to which the tests
described herein -rtain. Advantages of such a system are obvious.
Not only is operational planning of future strikes expedited, but also
the requirement for immediate post-strike reconnaissance will be
eliminated.

2.1.1 Previous Tests

Analysis of plan position indicator photographs taken during
Operations CROSSROADS, SANDSTONE. GREENHOUSE, BUSTER-JANGLE, TUMBLER-
SNAPPE, and IVY indicate that the observed radar return results from
detonations of 3 XT and higher, when detonated under the conditions
which prevailed during these tests. The returns from detonations in
the Pacific Proving Grounds (PPG) area are much easier to obtain since
radar gain controls can be set higher due to the lack of continuous
ground paintinp. 1Furthermore, most of the detonptions at the PPG are
of higher yields than those detonated at the NPG, which results in a
better radar return. However, it is believed that yields of 15 KT
and higher can be detected over areas such as the NPG with moderate
care in the setting of the various radar controls.

Since it has been proven §_.2/ that radar techniques can be
used to obtin the ground-zero pqremeter needed for IBDA. and rader
is an all-weq.ther device, an IBDA system based on the AN/APQ-24 and
K-series bombing systems has been proposed to fulfill the requirements

17
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of Headquarters, USA?. Since this IBDA system has been proposed and
placed in a development stage, new radar techniques had become
available which were believed applicable to the proposed IBDA system
or to a new and better IBDA system and UPSHOT-KNOTHOLI provided an
opportunity to determine the feasibility of the proposed techniques.

2.2 THEORY

The cause of the observed radar return obtained from a nuclear
detonation has been discussed since the phenomena were first observed
during CROSSROADS. Many theories have been advanced, however as a
result of their study contract, Vitro Corpor.tion of America has
recently stpted that most of the observed results are consistant with
a theory that states that the radar return is due to the breaking up
of the earth or wate by the shock wave. The shock wave forces earth
or water into the air, thereby increasing the effective reflection
coefficient by increasing the aspect angle and by increasing the area
available for reflections. Further detailed explanations may be found

in Vitro report No. ILX-1659 V/.
The fireball cloud shadow, first observed during BUSTER-JANGIS 0/,

ti a useful aid in determining gross errors in height-of-burst and
yield. The fireball cloud associated with a nuclear detonation

absorbs radar energy for a varying time, dependent upon the yield
of the detonation. Therefore, a shadow is cast uvon the ground over

an area representing the fireball cloud and this area appears on the
radar as an area of no ground return, hence the name "fireball cloud
shadow".

The tests conducted during UPSHOT-KNOTHOLE indicate that there
is no "early bright spot return" from the nuclear detonation itself.
Therefore, it is concluded that previously observed phenomena of this
type §/ must be due to the shock wave's first intersection with the
ground, directly under the air burst.

18
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CIAPTZR 3

I NSTRENTAT I ON

3.1 OENrRAL

The instrumentation employed by Project 6.2 was briefly
discussed in Chapter 1 of this report. The radar sets and BhAngmeter
are described in detail in the respective documents liqted In the
bibliopraphy. The instrumentation employed by the airborne electro-
magnetic wave experiment consisted of a loop antenna to receive the
direct and reflected electromagnetic wave. The signals were then
presented on a DuMont type 294A osillograph. A Polaroid Land camera
and a Warrtck Model F continuously movinp film camera were used to re-
cord the signals presented on the oscillorreph. Detailed information
regRrdinpg this experiment may be found in Vitro report, KLX-1659 V .

The radar data obtained by radar sets AN/APS-48(XA-1), AN/APS-43
(XA-l) and AN/APS-27(XA-5) were displayed on a plan position indicator
and also as an "A" type presentattion on DuMont type 294&A oscillogrAphe.
The radar set plan position indicators were photographed with type 0-15
Recording Cameras and the "A" presentations by Bell and rowell high
speed motion picture cameras and Warrick Model F continuously moving
film camerns. The instrumentation used and the modifications required
in the radar seta is covered in BTSTER-JANGLE report WT-34 2/.

The Righ Information Content Study system consists of a basic
rAdar set AN/APS-23 modified by the addition of an "electronic gray
wedge" which eliminates the bright center that i characteristic of
radar displays; an "anti-halation' circuit in the PPI indicator to
remove the bripht spot in the center of the indicator tube; specially
focused 0-15 recordinp camera with mntched film marazines; a tri-
metrigon inntallAtion of K-17 aerial cameras tripgered by the radar
set; and improved mirrors in the 0-15 recordinp camera optical system.
In addition, a second indicator was employed which was photorraphed
by an 0-9 camera giving a 1:1 photopraphic recording of the radar
presentation.

The instrumentation employed by the NPG portion of the project
in covered in Appendix A of thin report, and in somewhat vrenter detail
in Vitro report KLX-1658 12/.
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CHAPTim 4

OPIRAIIONS

14.1 AIRCRArr

The three B-29 eircrnft assigned to this projlect operated from
Kirtlnnd Air Force Bese, Albuq~uerque, Now Mexico. throughout the
operation. At the NPG the aircraft were positioned in space at what
was considered optimum positions for the techniques under test. In
general, the positioning wAs not critical and the aircraft were some
8 to 10 miles slant rnnoge from grround zero at the time of detoration.
The atircraft were iinder the opormtionatl control of the 4&925th Test
Group (Atomic) and followed the operationatl plan and instructions
published by thatt organization.

14.2 XMMV.AT0RNZ

In general, the instrumentation employed was calibrated and
adjusted prior to each shot. The procedures employed were not unique
in any respect and are therefore not considered of sufficient
importoknce to include in this report.

14.3 111IPrT LiTVADA PROVINGo GROTTU

This is covered in Appendix A of this report and in greater
detail in 'Vitro report XLX-1658 IV/.

20
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CHAPTER 5

RESULTS AND DISCsSIoN

5.1 GENERAL

The airborne p-rtion of this project was performed to gather
qualitative information from the techniques employed as they might Ie
applied to an rBlDA system. The results obtained were pictures of
radar Plan Position Indicators showing ground zero, the radar return
received from a nuclear detonation and the cloud shadow phenomena
which has been observed during previous tests. Sample pictures of the
results obtained are not included in this report. Report reproduction
techniques degrade radar pictures to the extent that it becomes
difficult for the reader to distinguish differences that are apparent
when viewing glossy prints or the original film. Furthermore, sample
pictures of nuclear detonations as viewed on X.-band and Ku-band radar
sets amy be seen in GREENHOUSE, BUSTZR-JANGLV and TUMBLER-SNAPPER
reports, which are listed in the bibliography. Therefore, only verbal
results are presented for the techniques tested.

The NPO portion of this project is covered in Appendix A o this
report.

5.1.1 Radar Set ANIAPs-48(XA-l)

This radar set was used in 10 of the 11 shots. No data were

obtained from two of the shots because of equipment malfunction, and
from one shot because of the film being fogged by radioactivity. Of
the remaining seven shots, radar returns were observed from three
shots. When radar returns were obtained, the returns were visible
for many more frames than obtained from a standard radar, however,
due to the power and antenna limitations of this radar set, the
overall presentation was very poor and not as detailed as that obtained
by standard radar sets. Therefore, the technique of fast scan radar
is concluded to be desirable but certainly this particular radar set
is not applicable to IBDA.

21
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Unfortunately this rAdar set was installed in an eircraft

which failed to participate in three shots because of engine failures.
The airdrsft was not scheduled to participate in two shots, end the

radar net feiled on one shot. Of the remaining five shots, radr
returns were observed from three shots. Dturing the operation it was
noted that this radar set was extremely susceptible to interference
from other radar sets in the general area, which makes its application

to IBDA highly questionpble. The "I technique Ppreers to be
applicable to IBDA to detect the radar return associpted with the
advancing shock front. However, an AMTI technique must be developed
that eliminates, or reduces appreciably, the jamming vulnerebtlity
which this rAdor set now hs.

5.1.3 Pf djr Set ANIAS- (A-1)

This radar set was installed in the same aircraft es radar set
AN/APS-27(XA-5), therefore it ws not used on five of the 11 shots.
Of the remaining six shots, radar returns were obtained from four shots.
The results obtained from this radar were far superior in quality to
thoce obtained by radar set AN/APS-8(XA-1). This was expected, since
this radar set has higher power output end a larger antenna which will
provide a picture which contains greater detail and has better
definition.

5.1.4 Ifigh Information Content Study System(HICS)

The RICS system was operated on eight of the 11 shots. Of
the eight shots, radar returns were obtained from six shots, however
several of the returns are of doubtful value for IPDA purposes. Radar
returns from three of the shots were considered satisfactory for IBDA
purposes. In general, the techniques employed in the HICS system
shniiA 1,. n.ima in thav ara ~a~vimxh i"a taridspaA ,.,dar- In ,nawbaiA
difference in the quality of the radar returns was noticed to the
extent that the techniques should be considt'ed a necessary part of
an IYMA system.

.. 1.5 !lxprVotetig YWave Uxveriment

This experiment was performed by Vitro Corporation end is
rerorted in great detail in their report KLX-1659 2/. In general,
some information we. obtained concerning the nature of the electro-
magnetic signals received by Pircrft from nuclear detonations.
There may be a correlation between yield and the amplitude of the
electromagnetic signal but there was not enough data to confirm this
belief. The electromaLnetlc signaswere much more comlicated than
originally anticipated. As a. result of this, the direct end reflected
signals were difficult to distinguish. A considerable amount of
jvdgment was required to decide which part of the electromagnetic
signal wts the direct signal And which part was the reflected signal.

22
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This situation mnkes this method of burst-heipht mensuronnent subject
to nubstmntial error. Assuming the interpretation of the electro-
magnetic stegnals to be correct, this mnethod of measuring burst height
Is subject to very serious errors for burst heights on the order of
500 ft or loe. For such sms;ll burst heights, the vslue cAlculpted
by this method may be As mtich so five timet too large. For burst
heights on the order of several thouspand feet, errors up to 50
per cent may be expected.

5.1.6 Mark III 13ermtr

The yield measuring portion of the Kqrk III Fhmngmters
performed quite satisfactorily, as evidenced by the repults tAbulpted
In Tabl" 5.1. The time-of-.fAll mechanism familed to provide satip-
fActory results, which to attributed to poor mechAnicAl desirn of the
clock mechanism. Project Pircraift were not scheduled to yparticir-te
in Shot 6, therefore no reference to Shot 6 Peupears in Tatle 5.1.
It will be noticed in Table 5.1 that on Shot 11 two of the Bhangrneters
received results that were not usable because of a poorly defined
minimum. This w-9 the result of aOdinp protective filters to the
rhotoheads, which cAused the 1ia 4it clirvm minimm to fall In the base
line making it Imroqsib'.e to determine the raininnm point on the curve.

It is PenerAlly known that the formula. used to relate yield
to time-to-first-minimum is on,- w.hich is derived emniriax-Ily. The
yields piven in Table 5.1 atre bAsed upon the fortmila

T = 0.085 t2 (51

where T v yield in kilotons
t a time to first minimum in

milliseconds

FormulA 5.1 is recommended. by the Mark III Bhangmeter manufacturer,
TVIA~r~tEn. (.ArmAahna71An k flripr. .n. the one beat outted for use In the

NqPG area, considering the qize of the nuclear devices detonAted.
Attention is Invited to the results obtAined on Shot 3 by All

Bhangmeters. It is on],y fpI~r to stpte thet there is not a clearly
defined minimum for shots of this small size. However, If the person
interpreting the rerults uses good judgment, fairly realistic results
can be obtAined.
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TABLE 5.1 - Ma~rk III Bhangmeter Results

RAD. CHEM BHANGMETER YIELD, KT
SHOT YIELD,

K T SERIAL" I SERIAL*2 SERIAL'3 SERIAL4

1 16.2 NOT NO NOT 1-
____ ______INSTALLED RESULTS INSTALLED 1.

2 45 NOT 275 AIRCRAFT AIRCRAFT
2 2.5 INSTALLED 275 ABORT ABORT

3 0.20 0.34 0.53 0.53 0534

TRACE NOT AIRCRAFT AIRCRAFT
4 11.0 10.3 READABLE NOTNO

________ ______ SCHEDULED

5 23P. 6P. 6 AIRCRAFT AIRCRAFT5 2 2626 ABORT ABORT

7 43. 37-4 37-4 AIRCRAFT AIRCRAFT
7 4.4 37* ~ABORT ABORT

8 27 27.5 32.3 27.5 29

9 26 27.5 24.6 26 26

10 14.9 16.6 17.9 14.4 19.1

RESULTS RESULTS
NOT NOT

11 60.8 USALE 62P USAMLE 62P
IPOOR POOR

- ____ NIM ____ MINIMUM __
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CWTR 6

CONCLUSIONS

6.1 RADAR TORNCHEMQX

The radar techniques tested, i.e., fast @can radar, HICS system,
end AMTI principle, are all desireble and could probably be used in an
IBDA system to assist in obtaining the required ground zero parawvubr.
Nowever, none of the techniques, individually or collectively, could
be considered importent enough to warrant the development of a special
uyutem for IBDA utilizing these technique.. In the future, when
standard bombing systems are available which include these techniques
As part of the bombing system, it is the opinion of the writer that
the ground zero parameter will be obtained with greater ease and
probably more accuracy than it can now be obtained with the AN/AQ-24
and I-serinu bombing systems.

6.2 ELECTROMAGNTIC WAVE EUIMM1

The use of the electromagnetic wave iu not considered a
pr-etInAl. method f',v -a---" n" the halght-'f-burst of nuclear weapons.
It is possible that this method might be developed into a useful
method in the future. However, such a device wculd require a con-
siderable amount of further development as well as refinement of the
techniques used on this experiment. Even then, owing to the complexity
of the electromagnetic signals, it would not be possible to decide on
the feasibility of this method until a considerable amount of information
had been obtained about the characteristics of electromagnetic signals
emitted by nuclear detonations.

6.3 MARK III PRANGMTE

It can be concluded that the technique employed for measuring
yield is satisfectory. However, the time-of-fsll mechanism must be
redesigned for relipble operation.
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6.4 NEVADA PROVING GROUND WERIMTS

As a result of the refraction experiments performed at NPG it
was concluded that the refraction of a radnr beam, which is in close
proximity to the fireball cloud, was too small to be measured in the
presence of other large scale effects. Mased on these results, it
can be said that refraction is negligible and can therefore be
ignored in IBDA data reduction procedures.

Results of the experiment designed to detect radar returns from
the fireball indicate that there is no ra'ar return from the fireball.
The phenomena observed by airborne radar, the annular return and the
fireball cloud shadow, were not detected in this experiment. Therefore,
it can be concluded that any "bright-spot' returns observed on radar
PPI1@ are not a result of reflections from the fireball but are
probably caused by the shock wave when it first hits the ground. It
can be further concluded that the annular ring normally observed by
airborne radar sets is a return from "radar reflectors* which are on
the ground. Since the antenna depression angle of this ground
operated radar was very small, it appears that the height of these
*radar reflectors' is too small to cause a radar return, however, the
depth is sufficient to provide a return to radar sets which are
airborne and have an antenna depression angle of approzimtely
45 degrees.
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CHAPTER 7

RECOMMDAT IONS

7.1 RADAR TECHNIQU

None of the techniques tested contribute sufficiently to an
IDDA system to warrant the development of a speciel syfet":! TtP-.
Therefore, it is recommended that the techniques be used as applicable
when they become available as part of standard bombing radar systems.
It is further recommended that other new teohniqueso applicable to
ZDA, be evAluted in future testa.

7.3 NEVADA PROVING GROUND XPeRIMENTS

It is recommended that the results obtained by the Project 6.2
ground experiments at NPG be considered conclusive and no further
effort be expended on this type investigation.
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APPVNDIX A

OPERATION UPSHOT-KiOTEOLZ

Project 6.2

NEVADA PROVING GROUNDS EXPERIMENTS

by

William DjIlns

VITRO CORPORATION OF AMERICA
233 Broadwpy
New York 7, New York
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ABSTRACT

The ob.lectives of Project 6.2 participation in Operption
UPSHOT-KNOTHOLE at the Nevadp. Proving Grounds, were to investigate
the refraction of electromagnetic radiation passing near the fireball,
to obtain fundamental data concerning the various phenomena
associated -.th a nucleasr detonation by observation of the direct
radar returns, And to Ascertain if a correlmtion exists between any
of the various ch~racteristtce of the returns and the yields of the
detonatione.

To accompl Lsh these objectives two experimental systems were set
up. Basically, the instrumento~tton for the refraction e-oeriment con-
sisted of a radar transmitter with its antenna Aimed immediately past
the fireball at an array of rAdar receivers in direct line of sight

with the rpa.ar trnesnitter And the fireball. The time hietory experi-
ment was instrumented with P. radar set .AN/APS-42 and a. DTMo't 294
oscilloscope on which the returns were eiealayed -nd photogi phed,
p~ulse by pulsea. wth a hieh-speed camera.

The re. rct~on of the radar beam was too small to be resolved.
Radar reflection fronm the fireball was not observed. The annular
r4nt and the cloud shadw were not detected. However, on all experi-
ments larpe fluctuationc of signal muplitude were present. The region

- -' WCLA-%JA.,! rIJAU gruUZ1U zero.

The successful performnce of this project in the face of the
nunerous difficulties was due in large measure to the cooperation and
guitAnnce "fforded us by the program director and his staff.

Recognition is due to Mr. Keeron of the N.val 3lectronioe Iab-

oratory (OEL) for assistance in collecting additional date with VAL
equipment and for submittinC films to our purposes.
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APPENDTX A

NEVADA PROVING GROUNDS EXPERMIMENTS

A.i OJECTIVE

A.1.1 General

The purpose of this portion of Project 6.2, was to observe re-

frsction effects of rsdpr waves in the vicinity of an atomic detonation.
And to observe direct rader returns from tiu 1 ioball oAf the
deton.tion. Two different types of experiments were mAde during
Ooerntion UPSHOT-.NOTOLS for this purpose.

A.1.1.1 RefrnuS12n xTPrment

The refraction exuertment wys designed to determine if re-
frection occurs, snd to whnt extent, when electrom-rnetic r'idiation
from a rndrr trnsmttter ')An%0, near mn P.tomic detonqtion. Previous
reduction of rpOr drt hos been ',mle with the eseumption that electro-
m gnettic rpdiption is propniroted rectiline.-rly in the vicinity of the
fireball. The occurrence of refrPction would recuire that some
correction factor be intruduced.

A.1.1.2 Time Eistory Experiment

In the time history exueriment, rad-ir returns from the
firebnll arep were observed. This exoeriment hod a dual purpose:

a. To determine if the direct rndpr returns would provide
any fundamental date concerning the burst phenomena.

b. To determine if an.v correlstion exists between the
ch ,r cteritics of the r.dor returns and the yield of
the nuclemr detonation.
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A.2 BAC7OROf4D A.P "MRT

A.2.1 General B cktround

During Opertion CROSSROADS in 1946 sn experiment was
conducted, as a matter of scientific interest, to determine the
effects of a nuclear detonation on the performanc3 of radar systems.
For the first time radar returns reflected from the vicinity of
ground zero were observed.

In 1950, Headquarters, USA7, requested Wright Air Development
Center (WADC), Wright-Patterson Air Force Base, Ohio, to devise an
Indirect Bomb Damage Assessment (IBDA) system. This system would be
capable of mepsuring the three parameters, ground zero, height of
burst, and, yield, which are required to assess indirectly the damage
caused by a nuclear detonation. Any aircraft in the strike cell
including the drop aircraft, must be able to obtain the dAta necessary
to determine the desired parameters.

The Aircraft Radiation Laboratory (ARL) of WADC proposed that
a radar system, used as the sensing device, would provide a basis for
an all-weather technique. A preliminary system was then formulated
to determine height of burst and ground zero of a nuclear detonation
from a sequence of photographe of the rad-r returns from the
detonation as seen on a Plan Position Indicator (PPI) rAdar scope.

During operations GRZCKOUSR, BUSTER-JANGLI, and T LER-
SNAPPXR, the instrumentation we improved and some quantitative data
were obtained.

A.2.2 Refraction grnertm.nt

In reducing the rder data, all electromagnetic radiption was
assumed to travel in straight lines. Since some rays emitted by the
.dar antenna pAAs near the fireball during a. mep.surement, such rays
may suffer woprecipble refrAction. If a substantial amount of

A~ap nr-v'.r. o4 muq;th tz !c.----.A *t- malra allownce
for it in the data ,duction process. The refraction exoeriment
described in this aymendix is an attempt to supply the required
in'ormotion.

A.2.3 Time Rit ry .2neriment

While direct radar returns apparently had been obtained from
nuclear detonations, more complete data on direct returns was desired.
In particular, it was desired to study the rpd.r returns for a number
of tet shots to determine if they would provide sny fundamental infor-
mation concerning the detonti'. It wma of particular interest to
determine if the amplitude and duration of the radar returns could be
correlated to the yield of the detonation. T!he time history
ewperinnmt was designed to provide this information.
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A.3 I NSTR-WNTATION

A.3.1 Refraction Experiment

A.3.1.1 Tundamental Layout

Instrumentation for the refraction experiment consisted of
a radar transmitter with its antenna aimed immediately past the
fireball at an array of radar receivers in direct line of sight with
the radar transmitter and the fireball. (See Fig. A.1.) The changes
of the transmitter antenna radiation pattern were observed by noting
the variations of signal intensity at the line of radar receivers.
The antenna radiation pAttern was measured immediately prior to the
burst and the recorded signals at the receivers permit it to be
determined at any time during and after the burst. The change in
position of the pattern axis, compared to its pre-burst position, is
a measure of the amount of refraction occurring.

A.3.1.2 Mixer Pnd Delay Amplifier Unit

The radar pulses detected at the line of receivers were all
displyed on an oscilloscope simultpneously. To accomplish this, the
siegnal received at any particular statiua was ft,! into L .xng
circuit and combined with the signels received at the other receiver
stations. To separate and distinguish the various pulses, & delay
of aoproximately 10 microseconds was introduced at each station so
thn.t the radar pulaes would appear sufficiently far apart on the
oscilloscope trnce so that they could be individually measured.

Video amplifiers were incorporated at each station to com-
pensate for the attenuation caused by the long coaxial lines between
receiver stations. The entire process of mixing, delaying, and am-
plifying was repeated at each receiver station and, ultimately, the
signals were applied to ;he inuut of q. DuMont type 294 oscilloscope.
This oscilloscope has excellent response characteristics and a very
high accelerating potential which allows the photographing of fast
transients. (See Fig. A.2.)

A.3.1.3 Radar Transmitter Antenna and Radiation Pattern

The radar transmitter ,iOlized a 60-in. parabolic reflector
antenna. This antenna hs e a 1.7' oeimm width between the half-power
points at the X-band radar frequency of 9375 megacycles, the
op~rating frequency of radar set AN/APS-42.

A minimum of five points were required to delineate the
broad over-all outline of the radiation pattern of the antenna. For
this reason, the angular separations between the receiver stations as
measured from the transmitter were set at 0.1250 each. Since maxi-
mum deviption of 3O was anticipated, !6 receiver stations were used
in the receiver line. This allowed for two receiver stations on

either side of the exoected end points of the detector line as a
margin of san.fety.
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Bec'use the distance between the receiver stations was a
function of the distance from the r~d;r transnitter to the receivers,
the separstion between the receivers varied from shot to shot from

500 to 800 ft. With 16 stations in the receiver line and an 800 ft
separation between receivers, the receiver line extended 2.3 miles
from end to end. (See Fig. A.3.)

A typical, although idealized, antenna radiation patterr.

as detected at the receiver array is shown in Fig. A.4. In this fig-
ure, the transmitter antenna was centered on receiver station No. 5 and
examples are shown for both the situations with and without the presene
of refraction.

A.3.1.4 Synchronization Network

To maintain the received signal pulses at the correct
relative position on the oscilloscope trace, an externRl signal was
applied to the oscilloscope to initiqte the sweep. This sweep signal
was synchronized with the pulses from the radar transmitter so that
an oscilloscope trace was inittated just prior to the arrival of the
signaols at the first receiver. The synchronization loop was provided
by installing 9 radmr receiver At the original transmitter site end
a second radar transmitter off to one side of the receiver line.
(See Fig. A.5.)

The synchronizing transmitter, radar set AN/APS-l0, was
_olaced far to one side of the receiver line to minimize the
possibility of the burst blanking out the synchronizing signAl. The
synchronizing signal wqs sent simultaneously by coaxial line to the
oscillo-cope and by air to the synchronizing receiver.

To prevent other radsr signals from triggering the AN/APS-4l2

transmitter, both the synchronizing transmitter and the synchronizing
receiver were equipoed w-ith 60-in. parpbolic reflector antenna having
a narrow beam width 1.,* end A gain of 32 dl) each. This resulted
in a very strong sienql Pt the synchronizing receiver, allowing the
receiver sensitivity to be refuced and thereby decreasing the
possibility of tripgering on spurious signals.

A delay circuit was Pdded between the oscilloscope end the
synchronizing transmitter to allow sufficient time for the synchroniz-
ing pulse to travel to the synchronizing receiver, trigger the AN/APS-
142 radqr transmitter, And still allow adequate time for this newly
transmitted pulse to arrive at the receiver line. The delay time, of
the order of 200 microseconds, was provided by a T&592 pulse
Cenerator modified to provide the extra long delay required.

A.3.1.5 Site Considerations

Site selection was a problem of considerable ma.gnttude.
Besides einng spaced At 0.4250 from each other, the receivers all had
to be situated in a horizontAl plane. Since the receiver line had to
be mAnned, the receivers could be sitiated neither closer than 7 miles
to ground zero nor north of the access road to the airstrip, in
accordance with ABC regulations. Furthermore, due to the blast
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WITHOUT
REFRACTIN

TRANSMITTER BEAM OWNEREO ON RECEIVER NO. 5
BEFORE DETONATION

TRANSMITTER BEAM SHIFTED TO RECEIVER Hem1
* AFTER DETONATION

a S 4 5 S ? S 9 10 11 1i IS1 14 If 16

RECEIVER STATION NUMBER

THE ENVELOPE OF THE PULSES IS AN INDICATION OF THE

ORIENTATION OF TNE TRANSMITTED ANTENNA RAOIATIO PATTER

Fig. A.4 Typical Oscilloscope Trame Sboving Amplitude of %Ilce
Arriving at Reftiver Lime
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pressure, the truck housing the synchronizing receiver and the
AN/APS-42 redsr transmitter could not be located closer than 6 miles
to the burst lest the 60-in. parabilic reflector antennas get dameged
by the blast.

In spite of the feet that the trick-mounted AN/APS-42 trans-
mitter was maintained a minimum of 6 miles from ground zero, braces
were instelle4 on the side of the ywn opposite to the burst to prevent
the ceps2ing of the truck by the blmst oressure of the shock wave.

A.3.1.6 Mobility of Iguipment

Becuse line of eight throngh the burst had to be maintained
between the AN/APS-I2 transmitter and the receiver line, it was
necessary to relocqte the test sites for each shot. Yor this reason,
it wns imperative thAt the equipment be readily transportable from
place to place.

The AN/APS-42 trqnsmitter and the synchronizing receiver
were both mounted in the saine truck, while the two generators supply-
ing power to these were trailer mounted. Therefore, all equipment at
this site wee easily moved.

The equipment for each receiver station, including the
battery power supply, was installed in a wooden instrument ,helter
which was easily carried about from one site to another by loading
it with an A-frame on a 2-1/2 ton truck.

The equipment for the oscilloscope site and synch*onizing
transmitter site, however, was installed in light frame shelters with
8 x 12-ft. floor size and mounted on wooden skids so thai they could
be dragged about behind a 2-1/2 ton truck.

A.3.1.7 Cable Relocation for Zech Shot

Both the coaxial cable and the field telephone lines that
were strung out between receivers had to be picked up and relaid for
every shot. Since over 2 miles of e'ch were used, this was ! problem
of considerable importAnce.

N.3.2.1 ANindamentAl Lsoyout

The time hictory (T) experiment, the aim of which was to
study the direct rp.Oar return.s fr~m . burst, was much less involved
than the refrection experiment just described. The instrumentqtion
for this ph~se consisted of A standard radar set AN/APS-2 and a
DuMont type 294 oscilloscope, on which the returns were displ~yed And
rhotopranhed, pulse for pulse, with a hiph-speed camera. The r-dar
.ntenna, which was the standord antennP ordinarily used with the
AN/APS-42, wns centered on the expected burst position And locked into
place. The antenna has i. bee.m width of 5-1/20. This site wes locqted
west of the control point and from 8 to lI-l/2 miles from the various
ground zero locations.
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A.3.2.2 Antenna Mount

Because of the distance from the TH site radar system to
ground zero, it wRe important that the antenna not move about, once
having been locked into position on target. To minimize movement
by the wind, the antenna was mounted on a rigid frame firmly imbedded
in the ground, and was separated from the instrument shack itself
since the shack would shake appreciably in the wind.

A.3.2.3 Modifications to Radar Set AN/APS-42

The radar set was modified to the extent that the video
signal was no longer cut off by a limiter stage so that the pulses
presented on the oscilloscope -sere proportional to the signal intensity
received at the radar antenna. A delay circuit was introduced between
the radar set trigger signal and the sweep circuit of the oscilloscope.
Thus, any portion of the sweep of particular interest could be expanded
on the oscilloscope and studied in detail.

Radar set AN/APS-42 operated on an X-band frequency of 9375
megacycles and had a pulse repetition frequency of 780 pulses per
second. The voltage supply requirements were 28 volts d-o and 115
volts, 400 cycles a-c. (See Fig. A.b.)

A.3.3 Auxiliary Refraction Experiment

A.3.3. General

It was leprned thpt a unit from the Naval Electronics Lab-
oratory (NIL) would be observing the detonation with a radar system
which had a very high rate of scan j20 scans/seec). Arrangements
were made to have this unit arrive at NPG one week earlier than
originally planned, to participate in une of the shots tr the purpose
of investigating radar refraction phenomenon. This experiment had two
objectives: to obtain additional data concerning the refraction by the
fireball of electromagnetic radiation in the region of radar frequen-
cies. and to obtain some idea of the feasibility of using a fast scan
radar system and corner reflectora to ocDorve this refraction
phenomenon.

A.3.3.2 Fundamental Layout

The instrumentation for this experiment consisted of the NL
fast scan radar system and five radar corner reflectors. The data
were recorded on film by photographing both the PPI scope and the
magnified B-scope sector presentations. One photograph was taken for
each scan of the antenna.

A.3.3.3 Orientation Considerption

The radar set was placed at a convenient site to comand a good
view of the shot tower. The five orner reflectors were so positioned
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that the first was practically on the line of sight through the shot
tower and the radar set. The four remaining reflectors were in the same
horizontal plane as the first and spaced at 1/20 intervals from each
other. (See Fig. A.7.)

The reflectors at a greater angle from the line of sight
through the shot tower were placed closer in range. Since the NEI radar
system has an azimuthal resolution of approximately 50, this variation
in range made it possible to resolve the returns from the reflectors
spaced at 1/20 intervals.

A.3.34 Phenomenon Obyeteye

By observinp the position of the red-r reflectors indicated
on the PPI scopoe, it was nomsible to determine whether or not any
refraction of the electromnpnetic rAdintion took place. (See Ftie. A.8)

Previous to the detonqtion the redar benm proceeds slong
the prth C and the reflector is inlic.ted on the PP! prosentqtion at
its .ct.ol position A. After To, apsutine, tlint the besm is bent in
toward the burst, the rqd-r beam trevels Alonp osth D. Consequently,
to the rcd,%r system, the reflector hs shifted to posttion 1, chanaing
not only the azimnlth btit n1no the ranre since the -nth length for P
i lonrer then thnt for C. This shift of the posttion of the
rofleaot,)p to1(nfiilnun proappo mn'i io nit A Pildon trpnnsltinn frrm

1 , rirthmrwrm, the chonp in r~nme for n rai|le

bettor to mentire the ne'rprent latpral shift of the reflectors.

A.4 OPP RAT 0

A.4.l Genernl

An the tset operption nro.-ressei, it was found necessary to
m-ke minor qlterqtions In the oripinal experi.entnl layont Pnd to
make minor modiftc-tione in the electronic equinment. Thene Plter-
Ations tnd modificptions are not considered of sufficient importgnce
to include no -art of this report. Detpils may be seen in Vitro

The inntrument-tion employed was set up nnd cplibrated nrior
to ench shot. The celibrotion procedures ore not constdered uniite
Pnd therefore, nre not m-de a nnrt of this aprendix. Conaider tble
difficulty ws encoitntered in properly alignin ' the 60 in. perabolic
rcdar antennas, however, considerine the n'.rrow ].7° antenna beam width,
this difficulty was to be expected.

After epch snot, the exponed film wvs sent to the pro.ject
officer nt -irtlpnd Air 7orce 7nse vie the IndIAn Sprinis Air Porce
Bare - Firtpnd Air 7orce Rose 3huttle ircr-ft. The film was
proceqsed by "West Lnb" of Sjndie Cor)or tlon. The 'rolect officer
mde n cursory ex-,inution of the -rocessed film -nd reported anv
dlscrepenciee to the NPG Dereonnel -rior to the next shot.
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A. 5 RESUTS

A.5.1 General

The data for the various experiments were recorded on film.
Measurements were made later from the film with the use of P film
reader which mnsntfied the image 18 times.

All available data were anly7ed and graphs were plotted. It
was considered unnecessary to include the praphs in thib appendix.

A.5.2 Refraction Eperitment

Yor this experiment the oscilloscope display of the stnpls
from the individual receivers was photographed trace by trace. Each
trace showed A pulse for each receiver within the trenomitted
radiation pattern.

The amplitude of epch pulse on a recoeded trace was measured

in centimeters as presented on A film render with a magnification of
18. These amplitudes were grpphed in two fashions: a plot w~s me de

of the pulse amplitude for ench receiver as a function of time
(frame number): and the pulse amplitude wns plotted as a function of

azimuth (receiver stntion number) for several specific time instants.
Since the base line of the trace wps quite distinct, there

wae no difficulty in choosing a reference line. From this reference
line the maximum value of each pulse was measured and recorded. The

cameras were started 5 sec before To and operated for about 30 sec.
Consequently, much more deta were available for reduction than was
significant to the erperiment. Fence, the data reduction was begun
at an arbitrary point prior to TO, depending upon the activity of the

pulses, and was continued for as long a period after To as required
to include all the pertinent activity. Physical properties of the
burst were taken into account in determining when the pertinent
activity had ended. Not every trace was measured during the period

of pertinent return. For example, when the amplitude of the return
from a given receiver varied slowly, measurements were not mqde as
frequently not I the coses when the amplitudes chrnged rapidly wit'
time. vonseqiuently, during periods of quiescence several frqmes of
data were omitted. The frequency of mensurements of the pulse heifhts
is varinble depending upon the ectivity of the rndar returns.

A.5.2.1 Shot 1. 17 YMrch 1953

No data obtained because of equipment failure.

A.5.2.2 Shot 2. 24 Mp rch 1953

The graphs of pulse amplitude versus time (frame number)
show a period of relatively little change for approxitmtely 0.1 sec
after T , then the signal strength at each of the receivers fluctuated
widely or a period of about 0.4 sec. The receivers closer to ground
zero realized this fluctiiation first, while those further away received
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it progres ively leter. This oscillation of signal strength was much
greater for those receivers nearer the burst than for those farther
away. The frequency of this Signal strength oscillation was of the

order of 200 cps. The receivers closer to ground zero were blanked out
and received no signal when they apparently were in the cloud shedow.
This blenking began Pt the stption nearest ground zero, moved out to
include several stqtions, then started to move back in ,gain when the
measurements ended.

A.5.2.3 Shot 3. 31 Mprch 1953

On this shot the yield wes unexpectedly low -nd the blue boz
did not trip. As A reqult, there ip no To indication And the data are
too ambignous to be of Rnv value, since To cannot be determined from
the return chqracteristics.

A.5.2.4 Shot 4. 6lApril 1951

This shot wpe an air burst and the refraction experiment
was not performed.

A.5.2.5 Shot 5. 18 April 1953

Because of the topography of the Nevadq Proving Grounds it
was not possible to perform the refraction experiment. Instend a
control experiment wps conducted in which no radar transmitter was
used. The data are not tabulated but the film shows no change either
at TO or later. This indicates that the effects observed in the other
eroeriments were not due to electromagnetic radiation emitted by the
burst or to Anv other effect of the burst on the experimental equip-
ment.

&.5.2.6 Shot 6. 11 Agril 1953

Agein, a marked oscillation in signA. strength occurred
which seemed to move out from eround zero with time and decreased in
intenuii" 4v it moved out. The receivers with the hieher numbers were
closer to ground zero while those with lower numbers were further
awny. Receiver Nos. 8, 7, and 6 received the signAl oscilletion
imedi'tely At To with No. 8 settling down first, then No. 7, and
finally No. 6. Receiver No. 5 ap-orently eturpted end produced no
useful signal 'ut No. 4. and No. 3 both later ex-erienced the large
amlitude oscillAtions which aupArently had A frequency of about 90 to
100 cps. Receiver No. 9, neprest to ground zero of oll receivers
within the transmitter antenna rp.dition field, wae blanked out
Immedi-tely at To with No. P ond No. 7 becoming blanked successively.
The signals returned to those receivers in the order 7, 8, end 9.

After the larpe Pmvlitnde oscillations, which lasted about
0.1 see, the receivers went through a stage of a very slowly oseill-
ating chnaea in stgnal strength. The amplitude of these oscillations
g fairly sell comered to the wild oscillations enerienced right

S Rter R .
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The plots of signal strength versus azimuth (receiver

station number) showed no change in the pattern with time if the large
amplitude oscillations and the blanking out of receivers to. 7, 8,
and 9 were not considered.

About 8 sec after To a second distrubance caused an
oscillation in signol strength at the receivers. This distrubance
affected the outer receivers first, then moved toward ground zero.
This oscillation was of much smaller amplitude th.n the first and its
frequency was of the order of 0.1 to 0.5 cps.

A.5.2.7 Shot 7. 25 April 1953

A sharp break occurred at Tc with the signal from all

receivers dropping to the noise level 'or two frames. After two
frames (0.0025 sec) all the receivers except No. 10, which was most
directly in line with ground zero, recovered somewhat and started a
small and slow oscillation. Receiver No. 10 did not recover through-
out the data recording period of 10 sec. Meanwhile, the wild oscil-
lation observed on the other tests occurred first on No. 9, then in
succession to receiver No. 1. The frequency of the oscillation was

of the order of 100 cps and lasted longer at those receiver stations
further from ground zero.

A short time after To (0.03 sec), receiver No. 9 blanked
out followed successively by receivers No. 8 through No. 3. The
signals then reappeared on all receivers in the reverse order.

About 6 sec after TO, the second series of signal intensity
oscillations appeared, affecting successively receivers No. 1, to
No. 9. This oscillationwas of the order of 10 cps and the disturbance
apparently moved toward ground zero at a much slower rate than the
first oscillations moved outward.

A.5.2.8 Shot 8, 19 May 1953

In general the same features are apparen! as for the
previous cases. The portion of the beam nearest ground zero was
b1-nked out and r pper A ,,' ; --- 4" ' ,tr - 4.-- + 1-M

strength moved outw'rd from ground zero -t first and then back again
at a much lpter time. The frequency of the first oscillation was of
the order of 250 cps while that of the second oscillation was 0.2 cps.
?or this case the antenna was centered on receiver No. 4 and the pulse
amplitude from receiver No. 4 prior to TO was the mauinum of all the
receivers.

A.5.2.9 Shot 9. 8 May 1953

This was an air burst and the refraction experiment was not
performed.

A.5.2.10 Shot IQ. 25 May 1953

This was an sir burst and the refraction experiment was not
performed.
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A.5.2.11 Shot 15m

This was an air biiraqt and the refraction exneriment was not
perfonied.

4.5.3 Time Wistory_ r,=eriment

The d-tm for this experiment were also recorded on film but,
unlike the refrAction experiment, both high-speed anr low-apeed
cameras were used to photoiraph the oscilloscope trace. As before,
the high-speed camera photographed each oscilloscope trace but the
low-speed camera superlimnosed two or three traces on each pictare
frqme. Measurements were made on both the low-speed and high-speed
films usine the stme techniques.

In the first few shots the gain of the rpd.r receiver was set
so low that no ground clutter appeared on the trace. As a result, the
base line on these films was sharp And it wAs not difficult to
establish A. reference line for the determinntion of pulse amplitudes.

In the later shots the gain was set relAtively high And. the
ground retturn made estnblish,,ment of P. suitable base line more
difficult. ec-uoe the film wps transported through the high-speed
camera with A continuous rather than an intermittent motion, the
trace sloped downiwird with A slope Droportionpl to the oscilloscope
trace oween rate. Further.nore, the mountains in the background
produced more ground return thAn did the intervening vAlley, cAusing
an aPoarent slope to thA trAce. Hence, tbe selection of a base line
was largely A ma*ter of judgment. This factor, although importnnt,
was not critticAl if choice of base lie wps consistent from trace to
trpce for agiven portion of the tr-ce since the vpri,.tion of the
pulse Rmnlitude rnther thnn the absolute amplitude was of concern.

The frequency At which measurements were taken wes determined
in much the same fashion ,is in the refraction experiment. When the
chn'e in Pmplitiuie of a given pulse was small from trace to trace,
menurements were not mpde And those frames were omitted.

h.5.3.1 Shot 1. llrch1953

Exreriment not performed because of the lack of timing
signals.

A.5.3.2 Shot 2. 24 M-rch 1953

The datak show a sharp drop in signal amplitude at To
followed by a mild oscillation lasting for about 1/4 sec. At this
po'nt the si+rnal amplitude started oscillating wildly with a frequency
of about 130 cos. The wild oscillation :asted about 0.2 sec and
settled down to a mild oscillation last'.np, for about 1/2 sec. The
receiver gain was set so low for this test th.t prior to To only a
retarn from the tower wP9 evident and no ground clutter appeared on
the rest )' the trp.ce.
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A.5.3.3 Shot 3. 31 March 1953

Due to the unexpectedly low yield the blue box did not trip
and gave no To indication. Since To cannot be ascertained from the
characteristics of the data, no conclusions can be drawn.

A.5.3.4 Shot 4. 6 April 1953

The film in the high speed camera broke on starting so that
no data were taken on this shot.

A.5.3.5 Shot 5. 18 April 1953

The gain of the radar receiver was set so low for this shot
that there was no ground clutter and only the pulse return from the
tower was evident. At To this pulse disappeared and the trace was
flat throughout the rest of the film.

A.5.3.A Shot 6. 11 April 1953

The gain of the radar receiver was set so low that only one
pulse appeared on the trace. This pulse was so small that no change
in its amplitude could be measured throughout the period near To and
later.

A.5.3.7 Shot 7. 25 April 1953

Becpuse of difficulty in starting the cameras no data were
recorded for this shot.

A.5.3.8 Dry Run. 4 My 195.3

No observable change in the pulse amplitude was recorded on
the film.

A.5.3.9 Shot 8. 19 May 1953

Data were not obtained with the low-speed camera because the
camera clutch broke and the film did not run through.

The graph of the data obtained by the high speed camera,
shows that the pulse amplitudes for ground zero and for the vicinity
near ground zero were quite similar in behavior. At To there was a
sharp drop, followed by a small, slow oscillation which lasted for
about 1/2 sec for both curves. At this point the returns from ground
sero be~n a rapid, large-amplitude oscillation which continued for
about 1 2 sec with a frequency of approximately 85 cps. At a later
time the returns from the vicinity near ground zere began the rapid
large amplitude oscillations which lasted for 0.3 see and had a
frequency of about 36 cps.

SI8
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A.5.3.10 Shot 9. 8 May 1953

For this shot the gain of the radar receiver was set high
so that there were good ground returns. This, plus the fact that this
was an air burst, made the pulse returns in and about ground zero more
difficult to distinguish than in the previous cases. The location of
the burst was caluclated and the region was studied which showed
fluctu.tions. At To there was a small, sharp rise in signal amplitude
followed by a slow, small oscillation which lasted about 1-1/2 sec.
After this the wild oscillation in signal rength, observed in the
previous tests, started up and lasted for 3 sec.

A.5.3.11 Shot 10. 25 May 1953

The T light was so faint that it was difficult to deter-
mine when it wen? out. Consequently, there was no indication of To
on the data. The curves show the presence of the high-amplitude
oscillations but it cannot be determined how long after T these
occurred. The frequency of the oscillation was of the oraer of
100 cps.

A.5.3.12 Shot 11, 4' June 1953

The TO light was too faint to photograph well and it cannot

be determined precisely where the light goes out. The data show no
marked features, and the high-amplitude oscillations apparent in the
other cases were not evidenced here.

A.5.4 Auxiliary RefrAction oxperiment

The Naval Electronics Laboratory system had no T indicator
but at approximately the expected time a bright flash appeared on one
frame of the PP! present tion film. This apparently was caused by
light leai'ng into the camera and scope and therefore indicated To .
Immediately after this bright flash, in the vicinity of ground zero,
an expanding distrubance was observed which traveled outwardly very
rapidly. The effect of this disturbance was to cause the ground re-
turns to scintillate. This phenomenon was quite suggestive of the
wild oscillations observed in signal amplitude on other occasions.

Looking further out in range to the expected position of the re-
flectors did not provide additional data since the returns from the
reflectors were never absolutely defined. At the range used, the
ahimuthAl resolution of the radar system prevented detection of any
small shift in angle.

The 3-scope presentation showed no To indication end To could
not be determined with any mccuracy. Again the reflector returns were
not identiAed. At some time after To the returns in line with the
burst were blanked out no though they were in the shadow but no
conclusive shift could be observed before this blanking out of signal.
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A.6 DISCUSSION

A.6.1 GenerAl

The electrommpnetic refraction experiment was conducted on

six of The seven tower shots. For the remaininp shot it wes
impossible to find satisfectory site loention, hence participation
in that shot wae omitted. Nlti. were obtained in five of the six shots.

The time history experiment, however, wns performed on ill 11
shots and dptn were obtained on et(ht of the 11 shots.

A.6.2 Refr,,ct ton Iberiment

The phenomenA Associated wit-i Rn stnmlc burst have a merked

effect on the tr-nsmision of microwaves in the vicinity of the burst.
The effect, however, is far more compltc-4ted then simple refr-,ction,
furthermore, it is impopsoble ti repprate the refraction effects
from the other effectA with the nresent datn. Tt is oossible, however,
to draw some conclitiona about the refriction.

The refraction of the rAder berm must be small. If it were as

large i's had been enticinsted, its effect could not hRve been masleed

by the other effecls. It muqt be noted thst in no case was 9a si'n;l
detected efter To at a receiver which had no sin'l before To.

The more pronounced effects show some intmre,-ting features and
add to the fund of knowledge concerning phenomena associ,'ted with an
stomic burqt. The rost striking of these features is the r9pid fluctu-

etions of the signal strength received -t the vartius receivers.
Significontly, these fluctuations did not isualily begin at To but
started Pt v.arious times After the burst. The furthcr a receiver vi

from the continuation of the line connecting the transmitter to tht
burst, the longer was the elapsed tirme -fter To before a fluctuetion
was observed in the sijnsl received.. The fluctuotions lasted for
about 1/4 sec.

After a much lonrer interval (About 10 sec lpter) the sign.sls
began to fluctuate agotn. At this latter time, however, the fluctu-
ation occurred enrliei in the outer receivers.

The amplitude of the received signal during .he period of fluc-
tuation goes through a series of irregularly spaced and irregularly
shaped maxima and minima. The time between the maxima is irregular but
corresponds roughly to a frequency of 100 cps for the early period of
fluctuation and of about 1/2 cps for the latter period.

It wns impossible to Asioct.ite the fluctiitiorns of the ri.nnl
received in on receiver with that received tn another. The vnria-

tions in any one receiver enpeer to 1-e Independent of those in Pnrv
other excent for the time At which they st-rt.

The observed phenomenn cin be depicted as the resul.t of a dis-
turbance movinr inttally nwy 'rom the burnt snd t~len ,novin, back
towprd3 it. The effect of this ' 4 isturbance my be tho',-ht to cqufe
rp.ndom ch-npes in Amplitu le of the r'd-r sifnql moving thrm-ph it. The
effects pro-luced. decrense with ti;ie -after To *
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Before attempting to eXDlRin these results, it is necessary
to indicste one additional fact. The antenna radiation pattern, deter-
mined by plotting the amplitude of the signals received at the various
receivers versus the an ,alar spread of the receivers, was quite
different from the actual free espce antenna pattern.

A possible reason for this is that the signal that reaches the
receiver is actually the sum of signals that have traveled different
paths. One path is the direct path from the transmitter. Other paths
would. involve reflection by the ground. Since the actual paths involve
nearly a million wave lengths, it is quite certain that the differences
in path length would be many wave lengths. Thus the phase difference
between the signal arriving via different paths would be essentially
random and the amplitude resulting from their addition might vary from
nearly zero to larger than that of any individual signal. Thus, the
amplitude of signal received at any receiver would depend not only

upon the angular spread between the line from the transmitter to that
receiver and the direction of maximum power output of the transmitter,
but also upon the nature of the interferences caused by the multipath

transmission. This would explain the reason why regular patterns of
the form of Fig. A.4 were not observed. It is important to note,
however, that the receivers outside of the beam of the antenna would
under no circumstance receive an observable signal without the
presence of refraction.

The fluctuations of the received signals that were described

above can be explained on the basis of this multipath transmission.
The atomic explosion provides a region in space (the fireball) with

optical properties considerably different from those of normal air.
The edge of the region, moreover, is probably not sharp. The optical
properties change gradually from those of normal air.

After To, this region expands. When the region moves in
between the transmitter and a given receiver, the direct optical path
to that receiver ts effectively changed. The paths via ground reflect-
ions may also be chztnged but probably not so much. The result is a
phase chane between the various paths and therefore a change in the
resultant amplitude. As more of the disturbed region moves bEtween
the transmitter and the receiver the effective length of the direct
path is further changed. Since the distance involved is so large
compared to a wave length, it Is reasonable to expect the optical
path to change by many wave lengths. The resultant amplitude will
then show many maxima and minima corresponding to instants of time
when the path difference was an even or odd multiple of the wave
length.

The second series of oscillations occurs as the fireball rises

or cools off. The effective edge of the sphere would then be in line

with the outer receivers first.
Another possible explanation of the oscillAtions is that they

are due to oscillations of the fireball sphere. These oscillations
would cause a regular variation of the effective path difference
between direct and reflected waves. This would result in the observed
oscillation of the amplitude. Calculations based on a simplified model
of the fireball indicate that such a sphere should have fandmaental
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modes of vibration of the snme order of manitude as those observed.

A second mnjor effect nf the biurnt on rnd.r tronumiesion was

noticed nt times shortly after the first period of wild fluctuitions.

The signal arriving at the inner receivers - those nearest the trons-

mitter to burst line - dimintshed to the noise level. The signal at

the innermost receiver disappeared first. At times considerobly later,

these sirnmls reappeared and in the reverse order to that in which
they disappes.red.

This phenomenn i similer tn that obfserved by airborne radar

and is called the fireball cloud shqdow. The most logical explAnation
is that the radar energy Is absorbed by the ions formed in the fire-

ball cloud. Therefore. the region behind the cloud, that is, in its

shadow, i never reanched by the rader trnsmnfision.

A.6.3 Ti:ne Htatory lbmerimpnt

The time hirtory experiment showed results similar to those of

the refraction experiment. The occurrence of the burst had a mnjor

effect on the trqnsmimston of microw-ves in the vicinity of the burst.

These effects cnn be expliqned on the aeme bsto As those observed

during the refraction experiment.
There was no observable reflection from the burst itself.

Tht, indicates that the "bright spot return" observed with Airborne

rpd.4r did not emanate from the fireball. The reason why the firebell

does not serve as a good reflector in probebly the gradual chAnge in

ioniza.tton qround the fireball. The oh-rneo is so pradual thf.t there

is no apprecteble shift in optical propertios of the Air in one
wAve length. Under such conditions reflections cAnnot be expected.

Similarly, the other effects detected by the use of Airborne

radar were not observed. Neither the "pnniiqr return," that is, a

region exp.nd.n" at the rpte of motion of shock wave intersection of
the ground and shown. increised reflection, nor the clond shn.dow, a
region of no ranr reflection, wns detected. The failure to detect

these phenomenn mny,hve been due to the wide antenna besm width and
lonp pulse duration uFed. Ths.z mothod of oper-tion resulted in the

signal received At the radnr set nt itny Instant being the integrated

result of reflection from a rather lorge irea of lrnd. The portion of

the beam blanke] out by the cloud shadow wRA actually a. relittvely smi21

fraction of the total beam, And tnerefore this effect could not be
observed.

The effects th-t were observed were the same type of irregular
random fluctuation of the Amplitude of the reflected signqls As was

observed in the refraction experiments. It is felt that these fluc-

tuntions were caused by the same phenomenp. The signpl arriving at

the radar sntenna. Pt any instnt vs the result of reflections that

arrived from many different objects, and that traveled many different
paths. The burst caused changes in the effectIve length of somae of

the ppthe nnd thus chanped the interference pattern nt the antenna.
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In most cpses, the period of large fluctuations began consider-
ably after TO . This would indicate that the observed reflections were
from objects at some distmnce from ground zero, that is, at the outer

edges of the beam. This is quite reasonable since reflections from the

center of the beam would probably have been obliterated by the cloud
shadow. Furthermore any buildings around ground zero would hove been
destroyed.

A.6.4 Auxiliary Refraction Experiment

Observation of the reflectors by rapid scan radar did not re-
veal refraction. There was no observable shift of those returns which
were tentatively identified as the reflectors. This may have been due
to the fact thpt the shift in range for any reason.ble amount of re-
fraction would be too small to be detected. Similarly an angualr shift
might not be detectable since the angular resolution of the instrument
is quite poor, the antenna beam width being 50.

Observation of the region around ground zero with this equip-
ment showed the same effects observed in the two other experiments.
Imedirtely after T the returns in the region aroune ground zero were
observed to scintilPte. On the PPI presentation the exnnsion of the
region of signal fluctuations could be observed. The cause for this
effect is presumed to be the same as that discussed above.

A.? CONCLUSIONS

A. 7.1 Refraction Experiment

The refraction of the radar beam was too small to be observed
in the presence of other large scale effects.

The most pronouaced effect observed was the large fluctuations
in the amplitude of the signals received. This phenomenon is ten-
tatively interpreted as being due to interferencg effects between sig -.
ale that had traveled different paths.

The sienAls received at those stations nearest the trans-
mitter-to-burst line disappeared shortly after To . This effect was
assumed to be due to the abuorption of the radar beam by the fireball
cloud.

A.7.2 Time History Experiment

No reflection of the radar beam by the fireball was observed.
The phenomena observed by airborne radar, the annular return

and the cloud shadow, were not detected in these experiments.
Fluctuations similar to those observed in the refraction ex-

periment were observed. The cause of these fluctuations is "seumed to
be the same as thst in the refraction experiment.

A.7.3 Auxiliary Refraction Zxperiment

The refraction of the radar beam was too small to be observed
with the resolution available.
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An ex ondine annul, r ring i;,s observed in this exnerinont. In
this ring- the ground pninting Pappeared to scintil!nte. Taese fluc-
tuations in seipnx.l strength of the radar returns vere similar to the
oscill.tio,is olto-ve. In the refraction Pni time history experi:,ient.

A.98 RC); . IO

AM. General

A more quantitative evaluation of the refraction phenomenon, a

detailed search for both the annular return and cloud shadow, or a more
precise explanation of the cause of the large fluctuations in signel
strength would require further experimentAtion.

A.B.2 Refr.-ction

If further investigations are desired, several methods of

instrumentntion qre feasible for the performance of the refraction

experiment. They Pre presented here in order of preference.

A.B.2.1 Fire Control tadsr System

The most desirrb-e method is to observe the returns from a
beacon transmitter with two narrow beam antennas offset by a small

angle. Possibly a modification of an existing fire control radar

system would be -dequqte to perform the experiment. The use of two
separate antennAs is necessitated by the rapidly fluctuating signal
strength observed during the present test. The returns from both
d- -i-ctlons have to be comp, red simultaneously. A conical scan or a
lote switching system would not be suitable since the fluctuations
vould produce false "bending" information. The use of the monopulse
system is ideal, since vith this system the returns from both direct-
ions are observed continuously And compared simultaneously.

By using a transponder beacon all ground returns would be

eliminated and the use of nprr, w antenna beam width increases the

resolution possible.

A.8.2.2 Narrow Besm Antenna

A second method for the refraction experiment consists of

the same system as used during this test but with the use of a much
smaller antenna beam width. The ure of a K-band radar system with a
very large parabolic reflector would permit closer spacing of the
receiver stations. Furthermore, with the narrow beam width, it is not

necessary to observe the patterns to determine the central rey. All
that has to be recorded is whether or not a particular receiver station

detected A signal.
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A.8.2.3 Past Scan N.dar

A third method is to use a fast scan radar system observing
the returns on A PPI scope from either reflectors or ben.cons. The
refraction ca.n then be determined by measuring the azimuthal shift
of the beacon or reflector returns.

This method has the advntsge of providing refraction data
as a function of azimuth. Several reflectors can be set uo to deter-
mine the refraction for electromignetic range passing at various
distances from .he burst center. However, this system has the dis-
advntage of a wide beam width which results in poor resolution.

A.8.3 Annular Return Pnd Cloud Shpdow

Should it be necessary to make a more detailed investigation
into the annulpr return and the cloud shadow, the use of a fast seen
radar system with good nngulr resolution is desirable. Observations
should be made on a PPI scope and the gain setting of the radar set
should be high enough to observe the cloud shadow and get good ground
painting in the vicinity of the burst. It would be desirable to
investiarte the results at two frequencies, X- and K-band, by
means of two radar sets placed side by side.

A.8.4 Signal Amplitude Fluctuations

During future tests, should it be desirable to investigate
signal amplitude fluctuations experienced during this test, an ex-
perimental setup similar to that used during this test is recommended,
except that a different arrangement of receivers should be used.
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